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NASAL ADMINISTRATION OF DRUGS 



FIELD OF THE INVENTION 

This invention pertains to compositions and methods for the nasal administration of drugs and. 
s particularly, to the nasal administration of water soluble drugs. 

BACKGROUND OF THE INVENTION 

70 Many drugs are administered by injection because other methods of administration do not provide 
acceptable drug delivery. Many drugs, such as insulin, cannot be taken orally because they are inactivated 
in the digestive track. For example, insulin has been administered traditionally by subcutaneous injection in 
order to attain the needed drug bioavailability. One disadvantage of subcutaneous drug administration is 
that many patients are reluctant or unable to give themselves injections several times a day. Other 

rs disadvantages of subcutaneousiy injected drugs, include great intraindividual variability of absorption (See 
e.g., Berger, M. et at., in Sayler.-J.S. ed. Insunn. update: 1982 Amersterdam Excerpta Medica , 1982, 97- 
110; Galoway, J.A et al., Diabetes Care (1981). 4:366-76) and absorption at too slow a rate to provide rapid 
onset and short duration of drug action. Nasal administration of drugs offers advantages over subcutaneous 
administration in terms of rate of absorption as well as of convenience. Thus, the nasal route for drug. 

20 administration is of great interest 

Drugs are often poorly absorbed through the nasal mucosa and thus administration by. e.g., a nasal 
spray, typically requires larger amounts of the drug than administration by injection. Various methods have 
been tried to enhance absorbtion of drugs across nasal membranes.For example, U.S. Patent No. 4,476,116 
discloses polypeptide containing pharmaceutical formulations having chelating agents which enhance 

25 peptide absorption across nasal mucous membranes. 

~ Several investigators have demonstrated that insulin can be delivered across the nasal mucosa in 

biologically active doses (Major, FLH_ J. Lab. Clin. Med . (1935), 2. 278-80; Hanxiss J. et al., Acta. Med. 
Acad. Sci. Hung (1958), 12 . 107-14; Hirai S.-et al., Diabetes (1978)727 . 296-9; Hirata Y. et al., Amsterdam: 
Excerpta Medica international Congress Semes. 1979. 468. 319-26: Pondroli A.E. et al. Br. Med. J. (1982) 

30 284, 303-6; Moses, A.C. et al.. Diabetes (1983) 32. 1040-7). Aside from its convenience, nasally 
administered insulin.is absorbed rapidly by the nasal mucosa, mimicking more closely the insulin response 
to a meal seen in normal persons. 

Compositions which can be utilized to improve the absorption of nasally administered drugs with 
reduced nasal irritation, especially when used with chronically administered drugs, are desirable. 

35 The utilization of certain surface-active agents to enhance the absorption of insulin has been dem- 
onstrated. Hirai and coworkers (Hirai. S. et IntL J. Pharmaceutics (1981) 173-184; G.B. Patent 
specification 1 527 605) have shown enhanced absorption of nasally administered insulin in rats by the use 
of surface-active agents such as laureth-9. Salzman and coworkers have demonstrated enhanced absorption 
of nasally administered insulin in humans using laureth-9 (Salzman, R. et al., N.E. J. Medicine , 1985 , April. 

40 1078-1084) but found that such administration was often accompanied by nasal irritation such as stinging, 
congestion and rhinorrhea. predominantly due to the surfactant laureth-9, and that such effects were 
proportional to the concentration of laureth-9. 

Although laureth-9 administered nasally at 0.1% by weight, was tolerated by all subjects tested by 
Salzman (Salzman et al., ' supra ), it was found that 0.1% laureth-9 was only moderately effective in 

45 promoting insulin absorption. 

Thus, although intranasal administration of drugs is a potentially useful method of administration, 
compositions which enhance absorption through the nasal mucosa with reduced irritation are desirable. 



so SUMMARY OF THE INVENTION 

In accord with the present invention compositions and methods for nasal delivery of drugs are provided 
by using a combination of surfactants. Use of such compositions provides superior absorption of drugs 
through the nasal mucosa with reduced nasal irritation. 

2 



BNSDOCID: <EP 0242643A2_I_> 



0 242 643 



DETAILED DESCRIPTION OF THE INVENTION 

It was unexpectedly found that polysorbate-80 reduces the irritation caused by intranasally administered 
drugs wherein absorption of the drug is enhanced by use of nonionic surfactants. Polysorbate-80 has 
traditionally been used for its key functional properties of emulsiftcation and solubilizing power 
( Encyclopedia of Chemical Terminology (3rd ed.) 22: 335. 372, Wiley-lnterscience). Polysorbate-80 is used 
as an emulsifier and dispersing agents for medicinal products designed for internal use (The Merck Index, 
10th ed.. Entry 7455). 

Compositions for intranasal delivery of drugs with reduced irritation according to the present invention 
comprise the drug or drugs to be delivered, at least one nonionic surfactant which enhances drug 
absorption across the nasal mucosa and polysorbate-80. 

Compositions according to the present invention are preferably administered from solution as a nasal 
spray and may be dispensed as a spray by a variety of methods known to those skilled in the art. Preferred 
systems for dispensing liquids as a spray are disclosed in U.S. Patent No. 4,511,069. Such systems were 
used in carrying out the work described in the examples set forth hereinafter. Such nasal spray solutions 
comprise the drug or drug to be delivered, a nonionic surfactant which enhances absorption of the drug. 
polysorbate-80, and one or more buffers. In some embodiments of the present invention, the nasal spray 
solution further comprises a propellant. The pH of the nasal spray solution is preferably between pH 6.8 and 
7.2. 

Nonionic surfactants such as nonoxynol-9, laureth-9. poloxamer-124, octoxynol-9 and lauramide DEA 
are useful in the practice of the present invention. Nonoxynol-9 ("N-9") has been found to be particularly 
useful for intranasal administration of insulin. - 

N-9 is an ethoxylated alkyl phenol, the polyethylene condensate of lauryi ether with 9 mols of ethylene 
oxide. This surfactant has been used in detergent products and is sold under trade names, such as, 
Surfonic N-95 (Jefferson). Neutronyx 600 (Onyx) and Igepal CO-630 (GAF). N-9 is considered to be a hard 
detergent. N-9 has also been used as a spermatocide (The Merck Index, 10th Edition, Entry 6518). 

In compositions according to the present invention, the nonionic surfactant is preferably present at a • 
concentration of from 0.05 to 0.9% by weight and polysorbate-80 is preferably present at a concentration of 
■from 0.01 to 0.5% by weight. An especially preferred composition comprises 0.5% by weight of a solution 
that is 10:-90 polysorbate 80:N-9 wt:wt to yield a final concentration of 0.05% polysorbate-80 and 0.45% N-9 
by weight. 

Drugs which can be administered nasally by use of compositions according to the present invention will 
be readily apparent to those skilled in the art. Water soluble drugs such as peptides and steroids are 
particularly suited for intranasal administration using the compositions and methods of the present invention. 
Peptides which can be intranasally administered according to the present invention include insulin, 
cholecystokinin ("CKK"), lutenizing hormone releasing hormone ("LHRH") and analogs thereof 
somastostatin and analogs thereof and atrial natriueutic factor ("ANF") and analogs thereof. Steroids which 
can be intranasally administered according to the present invention include female sex steroids, glucocor- 
ticoids and mrneralocorticoids. 

The desired concentration of the drug or drugs in compositions according to the present invention, can 
be readily determined by those skilled in the art of pharmacology. Compositions according to the present 
invention for the nasal administration of insulin are preferably effective in reducing blood glucose levels by 
from about 40% to 60% of the pre-dose blood glucose level within 45 to 60 minutes. 

Nasal spray solutions of the present invention, comprise the drug or drugs to be administered, a 
nonionic surfactant which enhances nasal absorption of the drug and polysorbate-80, together with one or 
more pharmaceutical^ acceptable carriers therefor and optionally other thereapeutic ingredients. The 
carrier(s) must be "acceptable" in the sense of being compatible with the other ingredients of the 
formulation and not deleterious to the recipient thereof. Such carriers are well known to those skilled in the 
art of pharmacology. Desirably, the formulation should not include oxidizing agents and other substances 
with which the drug(s) to be administered are known to be incompatible. The formulations may be prepared 
by any of the methods well known in the art of pharmacy. All methods according to the present invention 
include the step of bringing into association the drug or drugs to be delivered, a nonionic surfactant which 
enhances absorption of the drug, and polysorbate-80 with the carrier which may constitute one or more 
accessory ingredients. In general, the formulations are prepared by uniformly and intimately bringing into 
association the nonionic surfactant, polysorbate-80 and drug. 
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Formulations according to the present invention suitable for nasal administration of drugs conveniently 
comprise sterile aqueous solutions of the drug or drugs to be administered, a nonionic surfactant which 
enhances absorption of the drug and polysorbate-80, which solutions are preferably in the range of pH 6.8 
to 7.2. Such formulations may be conveniently prepared by dissolving compositions according to the 
present invention in water to produce an aqueous solution, and rendering said solution sterile. The 
formulations may be presented in multi-dose containers, for example in the sealed dispensing system 
disclosed in U.S. Patent No. 4,511,069. 

Various irritation studies have been carried out to determine the effect on nasal irritation of the addition 
of varying amounts of polysorbate-80 to nasal spray solutions containing the drug to be delivered and a 
nonionic surfactant to promote absorption of the drug. It was found, for example, that although- administra- • 
tion of a nasal spray solution containing insulin and 0.75% by weight of the surfactant nonoxynol-9 
produced acceptable blood glucose level reduction, the subject reported nasal irritation and stinging. When 
the formulation of the nasal spray solution included 0.75% by weight of a solution of polysorbate- 
80/nonoxynol-9 (10:90, wtwt) the subject reported no nasal irritation and blood glucose level reduction was 
comparable. 

Chronic irritation studies, i.e., -longer than 5 days, using polysorbate-80 according to the present 
invention have also been carried out These studies show that the addition of polysorbate-80 to the nasal 
spray solution reduces chronic irritation. 

The invention will be further understood with reference to the following examples which are purely 
exemplary in nature and are not meant to be utilized to limit the scope of the invention, in the examples, 
unless otherwise noted, percentages are by weight Polysorborate-80 is sometimes designated P-80 and 
nonoxynoi-9 is sometimes designated N-9. Blood Glucose Reduction is designated BGR. 



EXAMPLE [ 

(A) A metabolic study was carried out on three normal fasting volunteers. Each group received insulin 
at 1 U/kg body weight administered nasally from a spray solution comprising 0.1%, 0.25% or 0.75% N-9. 
Each subject reported nasal irritation in terms of initial stinging and congestion. 

(B) A similar metabolic study was carried out on ten fasting normal subjects. Each subject received 
insulin at 1 U/kg body weight administered nasally from a spray solution comprising 0.5% of a solution of P- 
80:N-9, 1:3, ( a final concentration of 0.125% P-80 and 0.385% N r 9). Two out of the ten subjects reported 
minor congestion. • 



EXAMPLE II 
Irritation Studies 

Studies were carried out to determine the effect on nasal irritation of the addition of varying amounts of 
polysorbate-80 to- nasal spray solutions containing N-9. The spray solution in these irritation studies did not 
contain insulin. In each study ten normal subjects were treated with one squirt (about 0.15 ml) of the nasal 
spray solution three times a day for ten consecutive days. After administration, the subjects were 
questioned about any symptoms and findings recorded- The nasal passages were examined on the fifth and 
tenth days of treatment by an ENT (eyes, nose and throat) specialist and findings recorded. 

The nasal spray solutions used in the study comprised 1% of a mixture of polysorborate-80:N-9. 1:9. 
wtwt; 0.5% of a mixture of polysorborate-80:N-9, 1:9, wtwt; 0.25% of a mixture of polysorborate-80:N-9! 
1:9, wtwt 1% of a mixture of polysorborate-80:N-9, 1:3, wtwt; 0.5% of a mixture of polysorborate-80:N-9' 
1:3. wtwt 0.25% of a mixture of poiysorborate-80:N-9. 1:3, wtwt; 0.1% N-9 or a saline placebo. All of the 
nasal spray solutions produced minor changes in nasal mucosa and minor symptomatic complaints but the 
number encountered with 0.5%'P-80:N-9. 1:9. and 0.5% P-80:N-9:1:3 (4 out of 10 subjects in each group) 
most closely paralleled the saline placebo (7 out of 20 subjects). 

It was found that the fewest number of symptomatic complaints occurred in the 0.5% P-80:N-9,1 :3 (final 
concentration of 0.05% P-80 and 0.45% N-9) group (o subjects), followed by 2 subjects each in the 0.5% 
P-80:N-9. 1:9 and 0.25% P-80:N-9, 1:9 groups. The fewest number of ENT findings were observed in the 
0.5% P-80:N-9 (1:3) group (3 subjects). It was also found that with both the 0.5% P-80:N-9 (1:9) and (1:3) 
groups no subject had both ENT findings and symptomatic complaints. 
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Of the group who received pure N-9 at a final concentration of 0.1%, 3 reported symptomatic 
complaints and 3 ENT findings were observed. One subject had both symptomatic complaints and ENT 
findings. 



EXAMPLE III 



The aerosol nasal spray solution of insulin used in this example contained commercially available 
regular porcine insulin (Eli Lilly) 0.1 M NaH,PO.-N,0 buffer, and varying concentrations of polysorbate-80 
to and nonoxynol-9. Stock solutions containing 10:90, 50:50 and 25:75 (wt:wt) polysorbate 80: nonoxynol-9 
were prepared and added to the spray solution to a final concentration of 0.1% to 0.75% by weight Nitrous 
oxide (Union Carbide. New York) was used as the propellant. 

Metered does of aerosolized insulin calibrated at 10 percent (10%) constancy of dose were delivered 
by means of a specially constructed mechanical pump valve (U.S. Patent No. 4.511. 069). This hand-held 
js delivery device is uniquely nonvented so that the sterility of the solution in the aerosol container is 
maintained indefinitely. 

Diabetic subjects were dosed with between 0.56 to 1.2 units insulln/kg body weight -depending upon 
factors such as individual sensitivity, weight of the diabetic subject and the size/composition of the meal 
consumed. 

20 Blood was taken from each subject every 15 minutes with plasma glucose being measured on a Yellow 
Springs glucose analyzer (YSF 23A). The serum insulin level was determined by radioimmunoassay with 
use of antibody-coated insulin-assay tubes from Micromedic (Horsham, Pa.). 
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Dosage % 
1.2 45.4 

0.55. .69.6 



3 P80/N-9 0.50* 75 1.2 r,- a 
(50:50%) 3/ ' 9 

4 P80/N-9 0.10% 30 1.0 14 o 
(25:75%) U 

5 P80/N-9 0.25% SO 1.2 St 5 
(25:75%) 

6 F80/N-9 0.50% (C) 1.0 61.0 
(25:75%) 

7 PSO/N-9 - 0.50% 20 1.1 59 2 
(25:75%) ^ 

8 P80/N-9 0.50% 45 0.S1 
(10:90%) 

9 P80/N-9 0.75% 30 1.2 
(10:90%) 



47.0 
57.9 



(a) Tine required for lowest blood glucose level. 

(b) Level of aodified insulin inbaled cased on subiec: 
bodyweight. 

(c) % reduction of" loves" 3GP. . 

(d) Nasal irrxtation reported by tiie subject. 
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EXAMPLE IV 

The nasal spray solution of insulin was prepared and the subjects dosed as described in 
Blood glucose values were measured as described in Example III. 



Example III. 
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(a) Values of Blood Glucose 
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(b) Glucose too low - discontinued 

(c) No change in Blood Glucose 

(d) Nasal irritation reported 

Additional advantages and modifications of the invention disclosed herein will occur to those persons 
skilled in the art. Accordingly, the invention in its broader aspects is not limited to the specific details or 
illustrated examples described herein. Therefore, all departures made from the detail are deemed to be 
within the scope of the invention as defined by the appended claims. 



1. A composition for the intranasal administration of drugs comprising at least one drug, polysorbate-80 
and a nonionic surfactant which enhances absorption of the drug. 

2. A composition according to claim 1 where the polysorbate-80 and nonionic surfactant are present in 
a ratio of 10:90, weightrweight. " . 

3. A composition according to claim 1 where the polysorbate-80 and nonionic surfactant are present in 
a ratio of 25:75, weight:weight. 

4. A composition according to claim 1 where the polysorbate-80 and nonionic surfactant are present in 
a ratio of 50:50, weight:weight. 
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5. A composition according to ciaim 1 wherein the polysorbate-80 is at a concentration of between 0.01 
to 0.5% by weight and the nonionic surfactant is at a concentration of between 0.05 to 0.9% by weight. 

6. A composition according to claim 1 wherein the polysorbate-80 is at a concentration of 0.05% by 
weight and the nonionic surfactant is at a concentration of 0.45% by weight 

_ 7. A composition according to claim 1 wherein the polysorbate-80 is at a concentration of 0.125% by 
weight and the nonionic surfactant is at a concentration of 0.385% by weight. 

8. A composition according to claim i~1 wherein the polysorbate-80 is at a concentration of 0.25% by 
weight and the nonionic surfactant is at a concentration of 0.25% by weight. 

9. A composition according to claim 1 wherein the nonionic surfactant comprises nonoxynol-9. laureth-9. 
poloxamer-124, octoxynol-9 or lauramide-DEA. 

10. A composition according to claim 1 wherein the drug to be administered comprises a peptide or 
steroid. 

11. A composition according to claim 10 wherein the peptide comprises insulin, ANF, LHRH or CCK. 

12. A composition according to claim 10 wherein the steroid comprises a female sex steroid, 
glucocorticoid or mineralocorticoid. 

13. A composition according to claim 12 wherein the steroid comprises 17-beta-estradiol, progesterone 
or dexamethasone. 

14. A. nasal spray solution for the intranasal administration of drugs comprising at least one drug, 
polysorbate-80, a nonionic surfactant which enhances absorption of the drug and water. 

Claims for the following Contracting States: AT and ES 

1 . A process for the production of a composition for the intranasal administration of drugs comprising 
mixing at least one drug, polysorbate-80 and a nonionic surfactant which enhances absorption of the drug. 

2. A process according to claim 1 where the polysorbate-80 and nonionic surfactant are present in a 
ratio of 10:90, weightweight. 

3. A process according to claim 1 where the polysorbate-80 and nonionic surfactant are present in a 
ratio of 25:75, weightweight. 

4. A process according to claim 1 where the polysorbate-80 and nonionic surfactant are present in a 
ratio of 50:50, weightweight 

5. A process according to claim 1 wherein the polysorbate-80 is at a concentration of between 0.01 to 
0.5% by weight and the nonionic surfactant is at a concentration of between 0.05 to 0.9% by weight. 

6. A process according to claim 1 wherein the polysorbate-80 is at a concentration of 0.05% by weight 
and the nonionic surfactant is at a concentration of 0.45% by weight 

7. A process according to claim 1 wherein the polysorbate-80 is at a concentration of 0.125% by weight 
and the nonionic surfactant is at a concentration of 0.385% by weight 

8. A process according to claim 1 wherein the polysorbate-80 is at a concentration of 0.25% by weight 
and the nonionic surfactant is at a concentration of 0.25% by weight. 

9. A process according to claim 1 wherein the nonionic surfactant comprises nonoxynol-9, laureth-9, 
poloxamer-124, octoxynol-9 or lauramide-DEA. 

10. A process according to claim 1 wherein the drug to be administered comprises a peptide or steroid. 

11. A process according-to claim 10 wherein the peptide comprises insulin, ANF. LHRH or CCK. 

12. A process according to claim 10 wherein the steroid comprises a female sex steroid, glucocorticoid 
or mineralocorticoid. 

13. A process according to claim 12 wherein the steroid comprises 17-beta-estradiol, progesterone or 
dexamethasone. 

14. A process for the production of a nasal spray solution for the intranasal administration of drugs 
comprising mixing at least one drug, polysorbate-80, a nonionic surfactant which enhances absorption of the 
drug and water. 



8 



<s> 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 242 643 

A3 



© EUROPEAN PATENT APPLICATION 

© Application number: 87104766.8 © int. CI. 4 : A61 K 47/00 

© Date of filing: 31.03.87 



© Priority: 23.04.86 US 855114 

® Date of publication of application: 

28.10.87 Bulletin 87/44 

© Designated Contracting States: 

AT BE CH DE ES FR GB IT LI LU NL SE 

® Date of deferred publication of the search report: 

06.04.88 Bulletin 88/14 



© Applicant: Delaware Chemicals Corporation 
2625 Concord Pike P.O. Box 7138 
Wilmington Delaware 19803(US) 

© Inventor: Stoltz, Edwin I. 
57 Edward Drive 
Stoughton, Mass. 02072(US) 

© Representative: Kraus, Walter, Dr. et al 
Patentanwalte Kraus, Weisert & Partner 
Thomas-Wimmer-Ring 15 
D-8000 Munchen 22(DE) 



© Nasal administration of drugs. 

© Compositions and methods for the nasal admin- 
istration of drugs with reduced nasal irritation are 
disclosed. 




Xerox Copy Centre 



BNSDOCID: <EP 




EUROPEAN SEARCH REPORT 



EP 87 10 4766 





DOCUMENTS CONSIDERED TO BE RELEVANT 




Catcgor 


f Citation or document with indication, where appropriate, 
_L of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (Int. CI. 4) 


P,X 
Y 
Y 

A 
A 


EP-A-0 200 383 (ELI LILLY AND CO.) 

* Column 3, line 25 - column 6, line 
39; claims 1-11 * 

EP-A-0 160 501 (ELI LILLY AND CO.) 

* Page 8, line 18 - page 9, line 11; 
examples 14-20; claim 1 * 

FR-A-2 313 914 (TAKEDA CHEMICAL 
INDUSTRIES LTD) 

* Page 2, line 29 - page 4, line 17; 
page 6, example 1 * 

US-A-4 315 925 (A. A. HUSSAIN et al.) 

* Column 6, lines 3-28; claims 1-7 * 

FR-A-2 205 307 (FARBWERKE HOECHST) 

* Claims 1-6 * 


1,4,5, 
10,11, 
14 

1-14 
1-14 


A 61 K 47/00 


TECHNICAL FIELDS 
SEARCHED (Int. CI.4) 


A 61 K 


The present search report has been drawn up Tor all claims 


Place of search Dale of completion of the search 

THE HAGUE 13-01-1988 


TZSCr 


ExaniBtr 

iOPPE.D.A. 


CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention 
X = particularly relevant if taken a.one E ! S^Xt**^' °"' " 
: ItZu^Ufl"™* if combincd wi,h ano,ner D • document cited in the application 



cE P 0242643A3 I a 



